29. DEC. 2004 10:31 NED. OCTROOI BUREAU 31 70 3527528 NR. 748 P. 12/26 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

IPilillllillllllilllllHlIU 



(19) World Intellectual Property 
Organization 
International Bureau 




(43) Internationa] Publication Date 
15 January 2004 (15.01-2004) 



PCT 



(10) International Publication Number 

WO 2004/006365 Al 



(51) Internationa] Patent Classification 7 ; H01M4/86, 
4/88, 8/02 

(21) International Application Number: 

PCT/NL2003/000492 



(22) International Filing Date: 
(25) Filing Language: 
(26} Publication Language: 



3 July 2003 (03.07.2003) 
Dutch 
English 



(30) Priority Date: 
1020985 



3 July 2002 (03.07.2002) NL 



(71) Applicant (for all designated States excepz US)i SHOTT- 
ING ENERGIEONDERZOEK CENTRUM NEDER- 
LAND [NL/NLJ; Westerdninweg 3, NL-1755 LE Petten 
(NL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US ontyfT N AMMENSMA, 
Pleter (NL/NL1; Sanarnuslaan 36, NL-1702 BC Httsr- 
hugowaard (NIA^>E ROOV 7 Robert [NL/NL1; Mont- 
eomerystraat XlT NL-I931 VW Esmond aan Zee (NL)- 



BROERSEN, Bartholomeus, Cornells (NL/NL]; Jan 
Arentsweg 14, NL-1749 HP WHrenfinhuizen (NL). 

(74) Agent: VAN WESTENBRUGCE, AndrieS; Nederland- 
sch Octrooibureau, Scheveningseweg 82, P.O. Box 29720, 
NL-2502 LS The Hague (NL). 

(81) Designated States (national^ AB, AO, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA. CH, CN, CO, CR, CU. 
CZ, DE, DK, DM, DZ, EC, EB, ES, FX, GB, GD, GE, GH, 
GM, HR T HIT, ID, TU IN, IS, JP. KB, KG, KP T KR, KZ, LC, 
LK, LR, LS f LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional)'- ARIPO patent (GII, GM, 
KB, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE. 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC. NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BP, BJ, CF, CG, CI. CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

I Continued on next page] 



(54) Title: ANODE-SUPPORTED FUEL CELL 



3 




(57) Abstract! Anode-supported fuel cell, in particular SOFC, where stresses in the anode substrate are compensated for by a stress 
^5 compensation layer. According to the invention said stress compensation layer is made porous by making a large number of vary 
small openings. These openings are preferably made hexagonal and the thickness of die walls between the openings is minor. An 
electron-conducting porous layer is applied to the stress compensation layer. 
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Ann de-guppoTted fuel cell 

The present invention relates to an anode-supported fuel cell comprising an anode 
support, an anode layer, an electrolyte layer and a cathode layer, said anode support being 
5 provided with a stress compensation layer on the side opposite the anode layer. 

A feel cell of this type is disclosed in WO 01/43524. Such a fuel cell consists of 
layers of different materials with different coefficients of expansion. During the 
appreciable changes in temperature in the cell, as well as the changes in volume as a result 
of the chemical reactions that take placeinthe anode substrate, there is a risk that the latter 
1 0 warps. This makes the production of a cell stack particularly difficult; the defbimabihty 

and the mechanical strength of such a cell are so low that Purging* straight inevitably leads 
to fracture. 

To avoid this problem, which arises mainly during the first sintering of the anode 
support, it is proposed in WO 01/43524 to apply a stress compensation layer. This stress 
15 compensation layer is on the side of the anode support that is opposite the side of the anode 
support where the anode is applied. By making uae mechanical and shrink characteristics 
thereof essentially the same as those of the electrolyte layer it is possible largely to prevent 
warping. 

However, it is important that the process in the fuel cell can take place without 
20 hindrance. That is to say that it must be possible for transport of both gases and electrons to 
be able to take place without hindrance. 

To this end it is proposed in the abovementioned PCX application to make relatively 
large openings in the stress compensation layer through which gases are able to move, lie 
openings also serve as contact pressure points for a current collector. Transport of gases 
25 must take place through these openings. There is a relatively largo distance between the 
openings which is varied depending on the position with respect to the point at which the 
gases are introduced. This part of the stress compensation layer is permeable to gas. 

This means that stringent requirements are imposed with regard to the accurate 
positioning of the stress compensation layer with respect to the other parts of the fuel cell 
30 and more particularly the current collector. In view of the inaccuracy this means that the 
holes in the stress compensation layer through which the current collector extends have to 
be made relatively large. 
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The method for the production of such a stress compensation layer is complex. It is 
proposed, starting from the anode support, to mask certain regions thereon and then to 
apply the stress compensation layer in some way or other and then to sinter the assembly. 
As a result of the large distance between the holes there is the disadvantage that a 
5 uniform distribution of gases, ions and electrons at the location of the anode can no longer 
be ensured. This applies in particular if the supporting substrate is relatively thin. The aim 
is for relatively thin components in order to reduce the costs of the materials for such a cell 
as far as possible. 

The aim of die present invention is to avoid the disadvantages described above and to 
10 provide an anode-supported fuel cell with which, on die one hand, the problem indicated 
above and possible warping of the anode support are prevented and which, on the other 
hand, can be produced in a simple manner and guarantees a more uniform distribution of 
ions and electrons. 

This aim is realized with an anode-supported fiiel cell as described above in that said 
1 5 stress compensation layer is a porous layer extending without essential interruptions and a 
porous layer with a thickness of at most 1 00 urn that is electron-conducting in the 
operational state is applied to said stress compensation layer on the side away from the 
anode support 

According to the present invention there are no longer relatively large holes in the 
20 stress compensation layer but this layer extends continuously. The stress compensation 
layer is provided with a large number of relatively small openings that preferably have a 

diameter of 1 mm. More particularly, the diameter (converted to relate to a 
circular opening) is approximately 0.4 mm. Such relatively small openings can have any 
conceivable shapes, but according to an advantageous embodiment of the invention are 
25 made hexagonal. The distance between the openings is restricted so that the effect of non- 
unifbrm distribution described above, especially in the case of thin layers, does not arise. In 
particular, the distance between adjacent openings, that is to say the "wall thickness*' 
between the openings is less than 1 mm and more particularly approximately 0.3 - 0.5 mm 
and according to a particularly preferred embodiment approximately 0.4 mm. Surprisingly, 
30 it has been found that when a stress compensation layer of such a construction is used 

warping of the feel cell can be prevented. With the stress compensation layer according to 
the invention it- is possible to keep the distance that the gas travels to the electrolyte as 
small as possible. This distance is preferably less than 800 \xm. 
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Hie stress compensation layer is preferably a zdrcomiim oxide layer. 
By applying a farther electron-conducting porous layer to the stress compensation 
layer it is no longer necessary fox the actual current collector to be directly in contact with 
the stress condensation layer or the anode. Such a porous elecfron^onductmg layer, which 
5 functions as auxiliary current collector, is preferably a nickel/nickel oxide layer of 

relatively small thickness of at most 100 \mx and more particularly approximately 50 [xxa at 
the time of application. This results in a layer thickness of approximately 10 - 20 nm 
(nickel) after sintering and reduction. As aresult of the application of such a further 
electron-conducting layer the number of contact points through the stress compensation 
10 layer can he appreciably increased- The pore sizes of such a porous layer are preferably 
between 02. - 0.6 jam and more particularly are approximately 0*4 lim- 
ine various components Scorn which the fuel cell is made up can be all components 
known in the state of the art. The same applies with regard to the method of production of 
the fuel celL m general, the anode (inclnding support and electrolyte) will first he sintered 
15 at a relatively high temperature, after which the cathode is applied and sintering then takes 
place at a somewhat lower temperature However, it is also possible to produce the fuel cell 
or electrochemical cell according to the invention in a larger number of steps or smaller 
number of steps . When producing the electrochemical cell in the manner described above, 
after providing the anode support and applying the anode layer, optional auxiliary layer and 
20 electrolyte thereto, the stress compensation layer is applied to the other side of the anode 
substrate. According to the present invention, this application takes place by means of a 
printing technique and more particularly by means of a screen printing technique. By mis 
means it is possible to make a very regularly distributed pattern of very small openings 
with the very small layer thicknesses. Moreover, such a screen printing technique is 
25 particularly simple to carry out and it is no longer necessary for certain parts of the anode 
substrate to be masked and the like. After applying the stress compensation layer using 
some printing technique or other, the nickel oxide layer or other layer that is porous and 
eleciion^ndnctmg after sintering is then applied. The assembly described above can then 
be sintered at a temperature of approximately 1400 °C Of course, it is also possible, 
30 starting from the anode support, to vary the sequence of the application of the various 
layers to some extent 

The shape of the small openings in the stress compensation layer that can be obtained 
by means of screen printing can be any shape known the state of the art Preferably, the 
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various features are produoed in a regular honeycomb pattern. 

It has been found that with a cell as described above die problem of waiping of the 
anode support can be solved, whilst, cm the other hand, with a simple production method 
combination of the cell components can easily be achieved and uniform distribution of 
5 gases, elections and ions over the anode support is guaranteed. 

The invention will be explained in more detail below with reference to an illustrative 
embodiment shown in the drawing. In the drawing: 

Figure 1 shows, ^grammatically in cross-section, the various layers of the anode- 
supported fuel cell according to the invention; and 
io Figure 2 shows a plan view of the stress-compensating layer immediately after this 

has been applied to the anode substrate. 

In Pig. 1 the fuel cell according to fee present invention is shown by 1 . This fuel cell 
is indicated in its entirely by 1 and consists of an anode support 2. This anode substrate can 
be made of any material known in the state of the art, such as porous NiO/YSZ. 
1 5 The actual anode (auxiliary) layer 3 is applied thereto. Of course, mis layer 3 can be 

omitted An electrolyte layer is indicated by 4. The cathode, which is indicated by 5, is 
appUed thereto. This is merely diagrammatic and this camodc can consist of a larger 
number of layers. 

The anode support 2 is provided on the other side with a stress compensation layer 6- 
20 This is made without large openings and applied to anode support 2, for example by screen 
printing. Very small openings with a diameter (based on a circle) of 1 mm or less are made 
w during screen printing. This stress compensation layer preferably consists of a material 

having thermal and mechanical properties corresponding to those of the material of layer 4. 
That is to say,- if stresses arise between swbstraie 2 and layer 4 during heating or cooling or 
25 during chemical reactions precisely the same stresses will arise between substrate 2 and 
layer 6> as a result of which warping of said substrate is prevented. 

A porous electrcm-conducting layer, such as a layer of nickel oxide which on 
sintering and reduction is converted to porous nickel is applied to layer 6. The thickness of 
such a layer is less than 1 00 um, preferably approximately 50 urn, at the time of 
30 application, so that a layer thickness of 1 0 - 20 jim results on sintering. 
The porosity of layer 6 is preferably 40 %. 

Of course, components or various components taken together which have special 
properties that are produced during the production of the fiiel cell described above also fell 
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within the scope of the present invention. That is to say, rigjxts are requested for an 
assembly consisting of an anode-supported cell provided with a stress compensation layer 
according to the invention, optionally in combination with the electron-conducting layer 
applied thereto, both in the green and in the sintered state. 

A current collector, indicated highly di agrammatically, presses against layer 7. 

Pig, 2 shows a plan view of layer 6 after application to layer 2 by screen printing. The 
very regular hexagonal pattern of the openings extending through layer 6 which link 
substrate 2 and layer 7 can clearly be seen from this figure. 

Although the invention has been described above with reference to a preferred 
embodiment, it will be understood that numerous modifications can be made thereto 
without going beyond the scope of the present invention as described in the claims. 
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Claims 



1 . Anode-supported fiiel cell (1) comprising an anode support (2), an anode layer (3), an 
electrolyte layer (4) and a cathode layer (5), said anode support (2) being provided with a 
stress compensation layer (6) on the side opposite the anode layer, characterised in feat said 
stress compensation layer (6) is a porous layer (7) extending -without essential interruptions 
and a porous layer \yith a thickness of at most 100 jum that is electron-conducting in the 
operational state is applied to said stress compensation layer on the side away from the 
anode support 

2. Fuel cell according to Claim 1, wherein the electron^onductir^g layer has a thickness 
of 10 - 20 Jim in the operational state- 



3. Fuel cell according to one of the preceding claims, wherein said electron-conducting 
15 layer (7) comprises a mckel/ructel oxide layer. 

4. Fuel cell according to one of the preceding claims* wherein the stress compensation 
layer is provided with a regular pattern of holes extending from the substrate to the 
electron-conducting layer* said holes having an internal opening of at most 1 mm. 



5. Fuel cell according to Claim 4, wherein said holes are hexagonal. 

6- Fuel cell according to one of the preceding claims, wherein said stress compensation 
layer has a porosity of at most 40 %. 



7. Method for the production of an anode-supported fuel cell, comprising the 
production of an anode support with the anode and electrolyte applied thereto, application 
of the cathode layer thereto;, followed hy sintering of the assembly thus obtained, the 
production of the anode support comprising the provision of a green substrate, application 
30 of the anode layer and an electrolyte thereto, a stress compensation layer being applied to 
the substrate on the side away from the anode lays:, characterised in that said stress 
compensation layer is applied extending uninterrupted over the substrate and after sintering 
an electron-conducting porous layer is applied thereto, after which the substrate and the 
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layer applied thereto are subjected to a sintering treatment. 

8. Method according to Claim 7, wherein said sintering treatment is carded out at 
1300 - 1400 °C 

9. Method according to one of Claims 7 or 8, wherein said stress compensation layer is 
applied to said substrate by screen printing. 

10. Method according to one of Claims 7-9, wherein said stress compensation layer is 
provided with openings having a maximum size of 1 mm extending through said layer. 
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